Recent developments in investment research have highlighted the importance of nonconvexities and irreversibilities in the firms' adjustment of quasi-fixed inputs. However, aggregation across capital goods may smooth out the discontinuities associated with the adjustment of individual assets. The lack of suitable data is one of the reasons why empirical work has strongly relied on the assumption of capital homogeneity. In this paper we exploit a new data set of 1539 Italian firms which allows us to disaggregate capital and consider separately purchases and sales of assets. We disaggregate between equipment and structures and construct measures of fundamental Q to capture investment opportunities associated with each asset. To uncover the pattern of dynamic adjustment we use non-parametric techniques to relate each individual investment to own fundamental Q.
Introduction
Capital homogeneity is a critical assumption often made by static and dynamic studies on production and factor demands. The main problem is that different capital goods command different prices, display different depreciation patterns and receive different tax treatments. The possibility of combining several capital inputs into a single aggregate relies on a very restrictive assumption on the firm's technology, namely that capital inputs must be perfect substitutes. Consequently the firm can produce more output by applying either more machines or more buildings. The assumption of capital homogeneity may be considered one of the reasons why structural models of investment, such as Tobin's Q and Euler equations, perform poorly when confronted with the data (see e.g. Whited, 1994 Whited, , 1998 .
Only a few studies analyze investment in heterogenous capital goods. Hayashi and Inoue (1991) relate the growth rate of a scalar index of several capital inputs to Tobin's Q and test the model using Japanese panel data. However, the theoretical model rests on the hypothesis of weak separability for the capital inputs within the firm's profit function. Chirinko (1993) uses U.S. aggregate data to estimate an equation in which the specific capital investment, relative to the aggregate stock, depends on Tobin's Q and on the ratios of the other capital investments to the aggregate stock. If capital is homogenous the coefficients of these investment regressors should be the same. Capital homogeneity is rejected when the author distinguishes between equipment and structures. Cummins and Dey (2000) adopt an Euler equations approach to study investment in equipment and structures on U.S. firmlevel data. They postulate a translog technology and quadratic adjustment costs. Previously, Pindyck and Rotemberg (1983) fitted two Euler equations for equipment and structures to U.S. total manufacturing data. Bond and Cummins (2000) study U.S. firm investment in tangible and intangible capital. The authors develop and estimate a single equation model where the tangible investment-capital ratio depends linearly on Tobin's Q and on the ratio between intangible investment and tangible stock. However, due to the unobservability of the stock of intangibles, they need to consider the ratio between the two stocks to be time invariant.
1 A recent paper by Bontempi, Del Boca, Franzosi, Galeotti, and Rota (2001) show how differently Q models behave when estimated separately for equipment and structures. They also show a different behavior when compared to the Q model with homogeneous capital. All the above studies represent contributions to the literature sharing the assumption of quadratic adjustment costs. It is well-known that this framework implies a gradual adjustment of the actual capital stocks to their desired long-run levels. Recent developments in investment research highlight the importance of non-convexities and irreversibilities in the adjustment of quasi-fixed inputs by individual firms: see, for instance, Dixit and Pindyck (1994) , Eberly (1994, 1996) , Caballero (1997) , and Caballero and Engel (1999) . In this stream of studies, the adjustment of the quasi-fixed inputs may or may not occur, depending on whether the marginal net benefit from investing exceeds (falls short of) a certain threshold value. Hence, the adjustment may be episodic and lumpy, rather than smooth for all the values of the marginal net benefits as implied by the traditional convex adjustment costs explanations of investment behavior. Fixed costs, irreversibilities, and other forms of non-convexities may explain why traditional models of investment do not perform empirically well. In addition, they may be important factor for understanding business cycle behavior. 2 Non-convexities alter investment dynamics both at firm and aggregate level, making optimal investment a non-linear function of its fundamentals. For the U.S., the empirical evidence on non-convexities has been growing starting from the explorative work by Doms and Dunne (1998) up to the investigation by Cooper, Haltiwanger, and Power (1999) and to the "gap methodology" approach proposed by Caballero, Engel, and Haltiwanger (1995) and Caballero and Engel (1999) . 3 While these papers typically use plant level data but do not estimate structural investment equations, more recent contributions adapt Tobin's Q models to take into account non-convex costs and estimate their extent using firm-level panel data. 4 Papers in this area are those by Eberly (1997) , Whited (1998) , Sakellaris (1998, 1999) , and Abel and Eberly (2002) . All these studies still assume that different types of capital goods can be combined into a single aggregate. Even when they emphasize the importance of capital heterogeneity, they base the empirical investigation on single indexes of fixed capital (see, for instance, Eberly, 1997; Abel and Eberly, 2002; Goolsbee and Gross, 2000) .
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Although the focus of the recent investment literature is on modelling idiosyncratic behavior, aggregation of capital inputs may also hide non-convex patterns in adjustment costs and irreversibilities. As shown in Bontempi, Del Boca, Franzosi, Galeotti and Rota (2001) , aggregation may also dilute the convexities that characterize the adjustment pattern of specific capital inputs. Indeed, the authors find that the standard Q model fits the data quite well for equipment, but not for total capital (equipment plus structures) since it fails to adequately represent investment in structures.
This paper explicitly considers the possibility of non-convex adjustment costs and of a non-linear relationship between optimal investment and its determinants. It complements the previous study by Bontempi, Del Boca, Franzosi, Galeotti and Rota (2001) and focuses on the issue of capital investment under input heterogeneity. In this paper we analyze the dynamic adjustment of capital inputs by imposing as little structure as possible on its shape. The previous paper assumed quadratic costs of adjustment, thus obtaining a linear relationship between the investment rate in individual capital inputs and the corresponding marginal Q. In this paper we maintain the basic disaggregation between equipment and structures and rely on the notion of Tobin's Q to summarize investment opportunities associated with each individual capital input. However, under capital heterogeneity and in the presence of unlisted small and medium sized firms, the standard measure of Q, based on stock market valuation, cannot be used (unlike in Eberly, 1997; Whited, 1998; Sakellaris, 1998, 1999; Abel and Eberly, 2002) . To capture a firm's investment opportunities we rely on the Fundamental Q approach (FQ hereafter) suggested by Abel and Blanchard (1986) and Himmelberg (1995, 1998) . We construct measures of FQ for equipment and structures and then use flexible parametric techniques to study the nature of the dynamic adjustment of investment in each capital input.
The results show that the linear adjustment pattern implied by the tradi-tional quadratic adjustment cost hypothesis is not consistent with the data. We find clear evidence of non-linear behavior in the case of net investment (purchases-sales) and purchases in relation to our measure of FQ. For all the types of capital goods we consider, equipment, structures and total capital (equipment+structures), we find an initial S-shaped adjustment pattern followed by a linear, positively sloped portion. The case for sales is, instead, statistically weak. Our findings imply that neglecting the underlying heterogeneity in adjustment costs for different capital inputs may lead to misleading conclusions about the dynamics of investment decisions. The paper is structured as follows. In the next section we describe the data we use in the empirical investigation. Section 3 discusses our choice of a proxy for investment opportunities based on the notion of FQ. Section 4 presents the investment relationship on which we base our investigation of firms' dynamic adjustment of capital inputs and the methods we employ. In Section 5 we discuss the empirical results. Concluding comments and directions for future research end the paper.
Data Description
We use data from Italy's Company Accounts Data Service (CADS), a large database with information on the balance sheets and income statements of more than 52,000 Italian firms covering all industries from 1982 to 1995. In addition to company accounts the database contains information on firm demographics, location, sector, type of organization, ownership status, the composition of the board of management and the board of auditors. CADS is well representative of the population of Italian companies, covering over 50% of the value added produced by the firms included in the Census of the Italian Central Statistical Office. In Appendix A.1 we report variable definition and construction.
The original dataset comprised 5,086 manufacturing firms over 1982-1995; after omitting firms with incomplete or problematic records we were left with a balanced panel of 1,539 companies for the 1985-1995 period (see Appendix A.1 for cleaning criteria). 6 This subsample remains representative of the 6 The main reason why we are left with 1539 firms is the need to have companies with continuous records on equipment and structure and, separately, on purchases and sales of those assets. 5 original dataset.
7 Consistently with the Italian industrial structure, our data mostly cover non-listed companies: in the final sample out of 1,539 units only 0.32% is listed on the stock exchange. According to the national figures, only 0.13% of Italian manufacturing companies were listed on the Stock Exchange in 1995. This is the main justification for adopting the FQ approach to model investment in Italy. Another aspect of our dataset is the inclusion of a high number of small and medium firms. These are predominant in Italy: on average the Italian manufacturing limited liability companies have 44 employees. The average number of employees in our final sample is 166 employees with 30.2% of the companies have less than 50 employees. 8 We define net investment as purchases minus sales of fixed capital, and gross investment as purchases only; unlike gross investment, net investment may take negative values, when capital sales are larger than purchases. Table  1 presents the summary statistics for the variables we use: net investment
and operating income (Π/K T , Π/K E , Π/K S ). All these variables are divided by the stock of total capital (T ), equipment (E), and structures (S). The positive skewness suggests that investment is temporally concentrated; in particular, this is true for structures which exhibit a zero net investment rate in the first quartile. Purchases follow a similar pattern. Most of the disinvestment is small and have a markedly skewed distribution, with the highest degree in the case of structures. The mean annual rates of disinvestment are as low as 0.037, 0.040 and 0.035 respectively, with an even lower median, strongly affected by the high number of zero episodes. Given the high frequency of positive outliers due to the skewness of our data, we use pseudo-standard deviation which is a more robust as a measure of variability. 9 7 Only firms which have been in receipt of a bank loan at the initial date are tracked. This introduces a possible specification bias through the exclusion of new and/or financially weak firms. Firm mortality is very low and is unlikely to be problematic. 8 In Table A .2.1, in Appendix A.2, we report the distribution of firms by industry and size.
9 The pseudo-standard deviation is defined as the ratio of the interquartile range (q3-q1 ) and 1.349 where 1.349=2*0.674 is the interval containing 50% of the cases in a normal distribution. In Table 2 we report the frequency of zero and negative net investment episodes, in order to better understand the different behavior of investment in equipment and structures and the problems that may derive from aggregation.
10 This information will turn out to be of relevance when presenting the estimation results in the next section. In the case of equipment, zero net investment episodes are markedly less frequent than positive and negative investment cases. On the contrary, structures show the highest incidence of inactivity and negative-investment episodes: 13.8% against the 0.52% of equipment and 11.77% against the 9.33% of equipment, respectively. This indicates the possibility that structures, more than equipment, are characterized by non-convex adjustment costs which affect the relationship between investment and FQ. Total net investment shows a lower incidence of zeros and negative-investment (0.43% and 2.37%, respectively) and this suggests that aggregation tends to smooth out the discontinuities which are likely to characterize structures. Recent studies show that fixed components in the adjustment cost function and partial irreversibility are likely to affect investment behavior. If this is the case, aggregation over different capital goods fails to account for differences in adjustment costs by smoothing out the adjustment paths. However, none of these studies focus on heterogeneous capital inputs. 
Number of observations 16929 (1985-1995) Net investment is the result of buying and selling: zero and negative investment may therefore hide simultaneous buying and selling of capital goods. This is confirmed by the other rows of Table 4 , where net investment is disaggregated in its components. Companies buy and sell capital in the same year: for instance, total capital shows 27.63% of cases in which capital is only purchased, 0.30% of cases in which there are sales only, and 71.69% of cases in which capital is both purchased and sold (69.57%+0.04%+2.08%). It is therefore important to separately consider purchases and sales of heterogeneous capital goods. Further information may be obtained from Table 3 , where we show how many observations entail a zero level of gross investment and what is the fraction of gross investment activity associated with large variations in the capital stock.
11 Structures are characterized by a much higher number of zeros: 16.80% of observations against 2.79% in the case of equipment. Moreover, in the case of structures, the largest gross investment episode yields 48.37% of cumulative gross investment over the 11 years period; this fraction is twice that of equipment. Thus, as in the case of net investment, aggregation over different types of capital goods tends to hide the lumpy nature of investment in structures. The high incidence of zero sales in all types of capital goods is apparent from the table. The highest percentage of zeros, 42.66%, again occurs in structures, along with the largest sales episode in any given year (that covers 73.88% of cumulative sales over the sample period). Given the concentrated nature of sales, the standard linear relationship between disinvestment and Q is likely not to perform well empirically relative to the case of purchases. This implies that the high number of zeros should be taken explicitly into account and that the standard strictly convex adjustment cost specification may not be appropriate when we look at sales of capital goods. These are indeed the econometric findings of Bontempi, Del Boca, Franzosi, Galeotti and Rota (2001) and motivate the empirical investigation that follows.
Investment Opportunities
In the economic literature investment is prompted by comparing the desired capital stock with its actual level, or by considering how much the Tobin's Q differs from unity. In the recent literature, which emphasizes the role of non-convexities and irreversibilities, the former approach is often referred to as "gap methodology" Haltiwanger, 1995, Caballero and Engel, 1999) . 12 This model predicts that the firm's capital adjustment is a non-linear function of the imbalances between desired and actual capital.
13
In particular, the actual capital stock is referred to as mandated stock, while the desired stock is taken to be proportional to the frictionless stock. The frictionless capital stock, in turn, is the level of input that would hold in the absence of frictions at any time.
Eberly (1997), Sakellaris (1998, 1999) , and Abel and Eberly (2002) instead rely on the notion of Tobin's average Q. They exploit stock market data to compute the numerator of Q and rely on a number of assumptions which allow to use the average ratio in lieu of the theoretically relevant marginal ratio.
Our model of capital adjustment neither depends on the computation of a desired or frictionless capital stock nor on the stock market valuation required to compute average Q. The first approach is somewhat ad hoc since the target capital stock does not embed any consideration concerning expectations of the future forcing variables. Moreover, it requires the specification of both desired and frictionless capital stocks and the estimation of the latter is particularly problematic in a context of many capital inputs.
14 Contrary to what is generally assumed in the literature, it can be shown that models based on average Q can also be applied to the case in which the production function is not linear homogeneous, competition in the output market is not perfect and the number of quasi-fixed inputs is greater than one (Galeotti and Schiantarelli, 1991) . However, in order to be applicable, the Q model requires that the firm be quoted in the stock market, a condition not fulfilled in the present context.
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Our proxy for investment opportunities draws on Tobin's work and follows the FQ approach proposed by Abel and Blanchard (1986) and by Himmelberg (1995, 1998) . Investment in individual capital goods is the outcome of a firm's intertemporal optimization in which the profit opportunities of investing in a certain capital good are compared at the margin with its cost. These opportunities are represented by the shadow price of capital or FQ, which is evaluated by means of the following auxiliary model.
Let
s where β is the firm's discount rate and δ j the j -th capital good depreciation rate. Then the i-th firm's FQ associated with the j -th capital input is given by the following expression:
where ∂Π/∂K j indicates the marginal profit from the j -th capital type. Equation 1 shows that FQ is unobserved in two respects: first, it entails an infinite sum of future values; second, the marginal profitability needs to be estimated. Following Abel and Blanchard (1986) and Gilchrist and Himmelberg (1995) , the first problem is dealt with by estimating a set of Vector Auto-Regression (VAR) equations for the state variables which we presume forecast the marginal profitability of capital. 16 As to the second aspect, to construct the expectations of the future marginal profitability of capital we assume that the firm's technology is Cobb-Douglas. 17 Under perfect competition in the output market, we may relate marginal profits of capital to the observed variables as follows:
where ρ j,i is the output elasticity of capital. In equation 2, marginal profitability relating to each capital input is proportional to the corresponding 1994). 16 See Holtz-Eakin, Newey and Rosen (1988) who extend the VAR methodology to longitudinal data. 17 A key aspect of the construction of fundamental Q for individual capital inputs is the ability to relate marginal profitability to observed variables. These in turn form the basis of the auxiliary VAR model. Besides being widely employed in firm-level studies, the Cobb-Douglas appears to be the only technological specification fulfilling that requirement. average profitability. Profits in this paper are proxied by operating income.
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Consider a vector x j,it comprised of capital-specific operating income to capital and sales to capital ratios and any other variables containing information which is useful for forecasting the future marginal profitability of capital. More precisely, the vector x j,it contains the right hand sides of 2 and ??, i.e. the operating income-based and the sales-based marginal profitability of each capital good. Assume that x j,it follows a stationary stochastic process with a finite-order autoregressive representation that we write in its AR(1) companion form:
where A j is the matrix of coefficients specific for each type of capital goods. Cross sectional heterogeneity is captured by a vector f j,i of firm unobservable fixed effects, while d j,t is a vector of shocks common to all firms for which we assume a finite-order autoregressive representation. Finally, u j,it is a vector of disturbance terms that are orthogonal to x j,it−1 . Assume that variables dated t are part of the information set, i.e. x j,it ∈ Ω it . Since we are assuming a stationary process and a finite-order autoregressive representation for both x j,it and d j,t , then the expectation of x j,it+s given x j,it may be written as:
where we have omitted the terms involving f j,i and d j,t and their related parameters. Under the assumption of a one-period gestation lag, the shadow value of capital may be approximated as follows:
18 Following Gilchrist and Himmelberg (1998) , the technology and demand parameters, ρ j,it and σ j,it , are calculated as industry-level averages as follows:
where j indicates the type of capital good; h denotes industry, and N h T is the number of firm-year observations in industry h; δ j,ht is the rate of physical depreciation which varies by industry and time; r it is the interest rate on financial debt. Further details about variables construction are in the appendix A.1.
where, in the second row, the unobservable expected stream of marginal profit of each type of capital is substituted by the expectation of the observable firm fundamentals useful in forecasting marginal profitability; the discounted value of the expectation of x j,it+s given x j,it is the capital-specific FQ, F Q j,it . If the hypothesis of perfect competition holds and the operating income-based marginal profitability of capital is the first element of the information set x j,it , then c is a vector with the first element equal to one and zeros elsewhere.
19
In the empirical specification which follows we assume perfect competition. As discussed earlier, expression 5 is based on the assumption of one-period gestation lag. 20 We will replace A with b A obtained from estimation of VAR models for the case j = 1, 2, i.e. equipment and structures, as well as for the standard case of aggregate capital. We employ a GMM methodology and use first differences to eliminate the individual firm effects. We also include a vector of time dummies which capture aggregate shocks. Instruments are time dummies and lagged values (two and three lags) of operating income (oi) and sales (s), both divided by the relevant capital stock. The VAR (2) estimates are reported in Appendix A.3. We then construct three FQs, one for each type of capital good, following expression 5. The term λ varies according to the type of capital: λ = 0.8614 for total investment, λ = 0.8394 for equipment and λ = 0.8944 in the case of structures. 21 The resulting series, d
F Q j,it , are the estimated capital-specific FQs.
Investment Relationship
Consider a value-maximizing firm which uses many capital inputs. The necessary condition for an optimal choice of investment requires equating, at each point in time, the marginal cost to the marginal benefit from investing in each capital input. This condition can be represented as follows:
where the left hand side represents the benefit from investing in a unit of the j -th capital good, while the right hand side represents the corresponding cost, given by the sum of an installation and an acquisition component.
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In particular, p is the market price of new capital goods, I is investment and K the corresponding stock; ξ is a shock to installation costs. In view of its empirical implementation, we substitute the left hand side of equation 6 with the estimate of FQ, d F Q j,it , and, because we do not have firm-specific observations on prices, we use time dummies to capture price and other time-varying firm-invariant effects. Unobserved individual heterogeneity is captured by firm-specific effects. Following the literature, we assume that G(.) is homogenous of degree zero in (I, K). Thus, our empirical model is:
The terms µ j,i and ν j,t represent the composite firm fixed effects and time effects resulting from the substitution of equation 5 into 6; the error ² j,it includes both the shock to the adjustment costs, ξ j,it , and the error introduced 21 These values correspond to the sample average of firm and time specific discount factors, i.e.
, where H is the total number of industries. The discount rate β it is calculated as [1 + (1 − τ t )r it − z ht ] −1 , where τ t is the statutory tax rate on firm profits, and z ht is the inflation rate. We follow Abel and Blanchard (1986) and Gilchrist and Himmelberg (1995) who consider the average across firms and over time of the discount factor, arguing that any firm-specific and any year-specific effect is captured by the individual and temporal effects. 22 In writing equation 6 we are implicitly assuming that the costs of installing capital goods of type j are not affected by investment in other varieties.
by replacing the present value of future marginal profits of each type of capital goods with its proxy obtained through the VAR auxiliary forecasting model. The formulation 7 is essentially the same as those employed by Eberly (1997) , Sakellaris (1998, 1999) and Abel and Eberly (2002) . The only difference is that it refers to investment in individual capital inputs and hence it depends on the own FQ rather than on the average Q.
In order to investigate potential non-convexities in the investment function it is desirable to impose as little structure as possible on the form of H(.). Thus, we estimate this function in a flexible parametric fashion. In particular, we fit a spline (piecewise linear) to equation 7 (see, for instance, Suits, Mason, and Chan, 1978 ). An obvious non-parametric alternative is represented by kernel and local linear estimators. The problem with these methods is that they do not easily allow us to condition on other control variables, such as firm and time dummies.
While two contributions adopt a non-parametric approach, we are not aware of any study that uses splines to examine potential non-convexities in investment models. In the spirit of the "gap methodology", Goolsbee and Gross (2000) estimate kernel regressions of investment as a function of the gap using a panel of firms in the U.S. airline industry and data on heterogenous types of capital. 23 The average investment function has a flat portion for negative and low levels of mandated investment and a positively sloped linear portion as mandated investment increases. According to the authors, this finding is consistent with irreversibilities or with large costs of disinvestment, and quadratic costs conditional on positive investment. The other example is represented by Gelos and Isgut (2001a) who derive non-parametric estimates of the average adjustment function for Colombian and Mexican firms using a kernel estimator. For any mandated investment rate, the method computes a weighted average of the observed investment rates in its neighborhood, with weights given by the kernel. 24 The pictures presented by the authors do not look very different from the estimates with U.S. data obtained by Goolsbee and Gross (2000): negative mandated investment rates do not coincide with negative actual investment, suggesting irreversibilities. In the range of positive investment rates, however, the shapes of the estimated adjustment functions are approximately linear. In any event, the estimated functions are clearly different from the theoretical case of quadratic adjustment costs.
Empirical Results
We estimate equation 7 for homogeneous capital, equipment and structures using splines. We consider a 4-knot linear spline obtained by calculating the value of the FQ at the two-decile points (20%, 40%, 60% and 80%). The choice about number and location of the knots is somewhat arbitrary. A reasonable way to start is to consider a limited number of knots evenly distributed across the whole range of values of Q. 25 In our case, omitting time and firm subscripts, we consider H(.) linear and write it as follows:
where, indicating the knot by k, we have that k r ≤ F Q ≤ k r+1 , k 1 = 0 and k 6 = ∞. The condition specifying the knots is
Note that if the γ r are all equal we obtain the basic linear investment-FQ relationship. We use linear splines because they are more easily interpretable relative to higher-order approximations. The estimation of the linear spline is performed using GMM applied to a reparametrized model which solves in the knot restrictions. We use first differences to eliminate the individual effects which are likely to be correlated with the lagged values of investment rates.
In Table 4 we report the values of the test computed on the basis of the minimized objective functions (see West, 1987, and Bond, Bowsher and Windmeijer, 2001) . 27 The 2-knot spline is computed by maintaining the first and the last segment of the 4-knot spline and by collapsing the other segments corresponding to the two-decile points 40%, 60% and 80%, to a single one. This allows us to test whether the two extreme sections play an important role in determining the shape of the spline. Moreover, the three specifications are nested within each other. In each of the three columns, simplifications of the 4-knot spline specification are rejected. However, in the case of structures, the result is ambiguous in the sense that, had we confined attention solely to the linear and 2-knot specifications, we would have been unable to reject linearity. This leaves us with a suspicion that the 4-knot spline specification for structures may be over-parameterized. Figure 1 illustrates the splines in the case of net investment (purchasessales) for total investment, equipment and structures respectively. 28 We plot-27 This test is a likelihood ratio test equivalent for GMM and is given by the expression:
here J(.) is a model's minimized objective function, b θ 2 is the two-step GMM estimator in the unrestricted model and e θ 2 is the two-step GMM estimator in the restricted model. Under the null hypothesis that the restrictions are valid, D RU has an asymptotic χ In the figure net investment is characterized by the following pattern: for values of the FQ ranging between 0.0 and 0.4 net investment in equipment, structures and total capital displays a S -shape. For values larger than 0.4 the relationship between investment and FQ is linear, in particular it is positively sloped for equipment and structures, but it is almost flat for total capital. Before drawing any conclusion, however, we need to analyze the behavior of purchases and sales separately.
Beginning with purchases of capital goods, in Table 5 the test for aggregate investment indicates that the 2-knot specification is the preferred specification. The test rejects linearity and shows that there is no gain in the net investment equation in the case of structures (column 3 in Table A .4.1), and more decisively the test for second order serial correlation for the net investment equation relating to total capital (column 1 in Table A .4.1). Turning to the estimated parameters, these are generally not significant in all the equations relating to sales (Table A.4.3) , while the opposite happens in the case of net investment (Table A.4.1) and purchases (Table A.4.2) . We find that structures perform less well than aggregate and equipment investments.
considering a 4-knot spline. In the case of equipment, instead, the test fails to reject the 4-knot spline specification, while, when we consider structures, we find that linearity cannot be rejected. Thus, in the case of purchases, the linearity characterizing the equation for structures is smoothing the spikiness we associated with the equipment equation, making the 2-knot specification an acceptable approximation for aggregate investment. When we consider purchases of capital goods we find a pattern similar to that of net investment. Indeed, in Figure 2 , which shows the 4-knot spline for aggregate capital, equipment and structures respectively, we find an initial S -shape followed by a positively sloped linear pattern in all three cases. Consider now the case of sales of capital. In Table 6 we present the tests of the spline specifications. Despite the lack of precision in the estimates, the first two columns of the table suggest that the 4-knot spline specification is preferred. The same result appears to hold also for structures. However, as in the corresponding case reported in Table 5 , the test fails to reject linearity relative to the 2-knot spline suggesting possible over-parameterization. Sales of aggregate capital, equipment and structures are represented in Figure 3 .
Although we report the graphs for all the types of capital, the underlying estimated coefficients are not well-determined. The apparently highly nonlinear behavior in the case of aggregate investment and structures is the consequence of lack of precision in the estimates. Interpreting this evidence in terms of the pattern of a firm's dynamic adjustment, therefore, appears of limited usefulness.
A very interesting exercise is represented by the following figures which show the distribution of the firms along the spline. 29 In Figure 4 we present the case of aggregate investment (equipment plus structures) distinguishing between purchases, sales, and net investment. The graph shows that the highest percentage of firms is included in the region of values of the FQ ranging between 0 and 0.4. 30 This suggests that, in the case of net investment 29 There is no specific reason why the horizontal axis in these and the previous figures is limited to a value of Q equal to one. As figures 4-6 show, nearly all observations fall in that range. 30 We also estimated the model over the range of FQ between 0.0 and 0. (purchases minus sales) and purchases, aggregate investment is typically nonlinear. For the sake of completeness, we have also represented in the graph sales of aggregate capital, although, as explained earlier, the lack of precision in the estimates does not allow us to draw interesting conclusions.
of investment does not significantly change from that shown in Figures 1-6 . This indicates robustness of the results discussed above. In Figure 5 we describe the behavior of investment in equipment and maintain the distinction between purchases, sales, and net investment. The values of the FQ which describe the investment opportunities of the majority of the firms in our sample range between 0 and 0.3. The graph indicates that, in the case of equipment, net investment and purchases typically follow an S-shaped pattern. As in the previous graph, the lack of precision in the estimates of sales does not allow us to draw definitive conclusions on the pattern of dismissal of equipment. Finally, in Figure 6 we represent the 4-knot model in the case of structures. In the range of the FQ between 0 and 0.3, while sales remain largely unidentified, we observe that purchases and net investment are characterized by a non-linear pattern.
The graphical representation of the spline estimation allows us to draw the following conclusions. 1) In order to understand investment behavior it is not only very important to consider heterogeneous capital but also it is essential to distinguish between purchases and sales. 2) The dynamic adjustment of capital goods is typically non-linear. 3) If we restrict our attention to the case of purchases of capital and net investment (the pattern of the latter is dominated by purchases), we find that for an initial range of values of the FQ between 0.0 and 0.4, the dynamic adjustment follows an S-shape. This implies that investment is much more responsive to (very) low values of Q and becomes less reactive to higher values of Q. 4) The linear portion of the adjustment, which would be consistent with the traditional hypothesis of quadratic adjustment costs, is an acceptable representation for only a small number of firms. 5) The underlying estimated coefficients for sales of capital goods are not well-determined. The apparently highly non-linear behavior in the case of aggregate investment and structures is the consequence of lack of precision in the estimates.
How do the above findings compare to those of other papers? Our initial S -shape region is consistent with the "convex for low Qs, concave for high Qs" pattern of Barnett and Sakellaris (1998) . Interestingly, these authors consider purchases well as net investment. They adopt the Tobin's average Q methodology and estimate their model using U.S. data. 31 Our findings can also be comparable to those in Abel and Eberly (2002) who, as in the work by Barnett and Sakellaris, consider the U.S. case and the stock marketbased average Q. In their homogeneous capital case, looking at purchases, the authors find a decreasing response of investment to high values of Q.
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They also find a statistically weak relationship between sales of capital and the Tobin's Q, in a Tobit framework. Our results are also similar to those by Goolsbee and Gross (2000) who consider the U.S. airline industry and by Gelos and Isgut (2001) , who analyze Colombian and Mexican plant-level data. Both studies adopt the gap methodology. They find that investment adjustment is characterized by an initial flat region followed, when investment becomes positive, by a positive linear portion consistent with quadratic costs of adjustment. Also in their case, therefore, linearity throughout the model is rejected. Our results are also consistent with those of Whited (1998) who fits an Euler equation for (aggregate) investment after positing a fourth-order polynomial adjustment cost function. Although this specification improves the performance of the model slightly, the linear specification is decisively rejected. Finally, Cooper and Haltiwanger (2000) consider a comprehensive formulation of adjustment costs, comprised of a convex component, a concave one, of transaction costs, and of partial or full irreversibility. The authors find that a model mixing both convex and concave adjustment costs together with irreversibility fits the data best. 33 31 Barnett and Sakellaris (1998) use a technically more sophisticated approach than ours, which allows for endogenous thresholds or investment regimes. This complexity represents, however, the reason why the authors do not take into account the possibility of endogeneity of Q.
32 Abel and Eberly (2002) obtain this results by estimating a parametric investment-Q relationship wich exploits an isoelastic specification of the adjustment cost function. This choice prevents the authors from obtaining S -shaped dynamic adjustment patterns. 33 It should be apparent that the approach in this paper is not suited for investigating fixed costs of adjustment. However, very recent evidence, also form labor economics, appears to point to the empirical importance of irreversibilites relative to fixed costs (Ramey and Shapiro, 2001; Kramarz and Michaud, 2002) .
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Much of the investment literature is based on the assumption of quadratic adjustment costs which implies linearity in the dynamic adjustment of the firm's capital inputs. Recent research on investment highlights the importance and the role of non-convexities and irreversibilities in capital inputs where the adjustment may be episodic and lumpy, and, as a consequence, be related non-linearly to fundamentals.
Several papers have attempted to validate these new approaches empirically. However, these investigations have all been based on the hypothesis of capital homogeneity and use data on a single aggregate capital input. Aggregation may hide non-convex patterns in adjustment costs and irreversibilities and smooth out the discontinuities of the individual adjustment of various capital inputs.
In this paper we have explicitly considered non-linear dynamic adjustment patterns for heterogeneous capital: our capital input is disaggregated in equipment and structures. We rely on the notion of Fundamental Q to summarize investment opportunities associated with each individual capital input. Specifically, we use spline functions to study the nature of the dynamic adjustment of investment in each capital input.
Our results confirm that the linear adjustment pattern implied by the quadratic adjustment cost assumption is generally contradicted. In particular, we find clear evidence of non-linear behavior in the case of purchases of different capital goods. Firms show an S -shaped pattern for purchases of capital goods and net investment in relation to our measure of Fundamental Q. Our findings are in line with the evidence found in recent studies of corporate investment decisions in which patterns of aggregate investment may be very different from those in individual capital assets. This result is very important because it shows that, by focusing only on the aggregate, we may reach misleading conclusions about the importance of adjustment costs, since this hides the underlying heterogeneity in adjustment costs for different capital inputs. − S : sales of total fixed assets, equipment and structures. These variables measure the sale value, and not the historical cost, i.e. it amounts to the remaining book value of sold assets (acquisition minus the book value of accumulated depreciation of assets that are sold or dismissed during the year) plus the difference between the historical acquisition cost and the market price of the sale.
Given that we only have total purchases and sales, we use the method proposed by Bond and Meghir (1994) in order to disaggregate investment and disinvestment. 34 We use the change in gross fixed assets to estimate purchases and sales of equipment and structures according to:
where E indicates equipment, subscript T refers to total investment or capital, i indicates firms, and t and t − 1 are time subscripts. Gross investment in structures is obtained by the difference:
The same procedure applies to the case of sales, I − E,it and I − S,it . I T , I E , I S : net investment in total fixed assets, equipment and structures. Net investment is computed as the difference between direct purchases, I + j,it , j = T, E, S, and sales, I − j,it , j = T, E, S, of capital goods. K T , K E , K S : replacement cost values of total fixed assets, equipment and structures. These values are estimated from historic cost accounts by using an iterative perpetual inventory formula, modified in order to take into account the "Visentini Law", which allowed firms to revalue the book values of their capital stock in 1982 and 1983. Thus, to obtain starting values for the iterative procedure we adopt the following rule: The use of the revalued historic cost allows us to only drop the first two years for estimation purposes, whereas it is standard in the literature to drop the first three years. The iterative perpetual inventory formula used to calculate the replacement cost value of each type of capital is the following:
where j = T, E and S, h indicates industry, and the initial K j is equal to the net book value of capital good j in 1982 or 1983.
Investment and capital stocks are all expressed at constant prices using the relevant price indices p j,ht /p j,ht+1 .
S T , S E , S S : real sales as a proxy for the nominal value of output deflated by the output price index, pp, disaggregated at 2-digit industry level.
Π T , Π E , Π S : operating income as a proxy for marginal product of capital, deflated by the output price index, pp, disaggregated at 2-digit industry level. Operating income is defined as: income before depreciation allowances, financial and extraordinary items, discontinued operations, taxes, and preference dividends.
Variables I T , I E , I S , S T , S E , S S , Π T , Π E , Π S are all divided by the stock at replacement cost of the relevant capital good one-period lagged.
• Cleaning Criteria
The original sample is a balanced panel of 5,086 manufaturing limited liability companies for the period 1982-1995. The final dataset we obtain after cleaning the data is a balanced panel of 1,539 manufacturing companies for period 1985-1995. 35 Our trimming rules were the following:
A.2 Data Description By Firm and Size 
